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PRE-APPEAL BRIEF REQUEST FOR REVIEW 

Mail Stop AF 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

^^I^'^^^ brief request is being submitted together with a notice of appeal and is in 
response to fte Office Action mailed July 26, 2005. setting a three-month statutory SSoTfor 
T^^'^^'^'^^^^r'tistimelyfiled. Claims 1-26 stand rejected und2^35US.C 

w.;?^ 6,616,759) hwemafter referred to as 'Tanaka". TTie Applicant respectfiilly 
traverses these rejections based on the following discussion. P ^uuny 

The clamed invention, as provided in independent claims 1, 8, 10, 12, 19, and 20 contain 
fe^^n ^^^^r -"^^ ^^''y P-^*^^ ^ of record Speckcdly cldS 1 ^d g 

g^erally provide, in part, ". . .caHbrating said image data by detenLiing at£as^ best fit 
data parameter, for improving a linearity of said image dat^... wherein^d^^^d 
d im^sion value comprises structural measui^ment. nf ...H .Htical dim.n.;.n TL . 

general y provides, m part, "calibrating Said image data by determining at least thrl^ beTfit data 
parameters for improving a linearity of said image data ..wherein sail ^^iS^Jg '^'^ 
dimension valn<. comprises stnictural measurements o f a critical diTT.Pn.^ on structure ih.t .r. 
g ply re evant to a cntical dimension of said criric.T H^n.^.,-.^ » j 

it P'""""*^' P " calibrating said data by determining at leas't three besi 

fit data parameters for improvmg a linearity of said data. .. wherein said onti tnn. ^XT '^'^ 
dunension value composes structural meas.mm,.nr. .f.e ai d critiV^i Him JJ;o„ .^„,.H.r. tl ,.. ... 
gnly relevant to a cntical dim.n.i.n pf said cririn.l H,- ^ e«,.,'.>n » ^,,.1^,? "'"^ , 

mventjon teaches a method to improve and optimize the accur^ of CdS m^u^f 
that rehes on either additional information in the wavefonn orX infomafionco^g^ 

09/902,374 i 
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another distinct CIXSEM measurement or from another distinct non-CD-SEM measurement 

Conversely. Su assumes that the basic CI>-SEM CD measurement is adequate for process 
control and thus forms the basis for process control. As such, Su does not seek to improve or 
optimize the CD value. Su tends to focus on how to directly deteimine stepper focus and dose 
condibons by directly comparing target waveform to reference waveforms. As such, Su does not 
exphciUy teach how to use additional waveform information to obtain a more accurate CD 
measurement. Tanaka discloses a technique for controlling and/or monitoring a semiconductor 
processmg apparatus while predicting its processing results, and thus even if combined with Su, 
. would stUl fail to teach all of the elements of the Applicant's claimed invention. 

The Office Action (page 4) admits that Su feils to teach all of these elements but 
nonetheless concludes that Su when combined with Tanaka teaches all of these elements 
However, a closer reading of Tanaka reveals that Tanaka does not teach what the Office Action 
purports it teaches, and thus even if it were combined with Su, the prima facie case for rejecting 
the Applicant's application is deficient and improper. In fact, Tanaka does not remove 
"structural bias parameters" from an approximate critical dimension measurement. The Office 
Action (page 5) indicates that Tanaka uses a best fit analysis in order to improve the linearity of 
the data^ However, the Office Action assumes that Tanaka's removal of faulty process shapes is 
patentably analogous to Applicant's improved linearity. In fact, such a conclusion is erroneous 
Rather, col. 2, lines 3 1-37 of Tanaka provide that Tanaka's technique monitors the processing 
state of a seimconductor process/apparatus to detect faulty processing or predict the processing 
based on the monitored results in order to improve the process. Convereely. Applicant's 
mvention generates an optimum critical dimension value based on the three best fit data 
parameters in combination with a stepper focus parameter. Accordingly, the Applicant asserts 
ftj the Examiner is improperly combining Tanaka with Su and is making assumptions (i e 
Office Action states, "It is implied herein.. .") regarding Tanaka in an effort to try and teach the 
Applicant's claimed invention. Furthermore, there would simply be no motivation to combine 
bu with Tanaka because one of ordinary skill in the art would not have made the assumption 
(i.e., see unplied language on page 5 of the Office Action>that was made in the Office Action. 

Applicant's claimed invention teaches combining a stepper focus parameter with an 
approximate critical dimension (CD) measurement and (at least thiee) best fit data parameters 
Cottver^ly, nowhere in Su is it taught that an optimum CD value can be generated by combinine 
stepper focus with an approximate (i.e., less than optimum) CD value and at least three best fit 
parameter used to improve the linearity of the CD data. In fact, combining the stepper focus 
with CD data as suggested and implemented by Su will not achieve optimum CD values This is 
because Su a.<^sumes that the CD value is alr^^Hy npt jmal. However in fac^. it t'. nnt .pH^^irTT 
^enmaital results indic^ According to column 3, lines 52-57 through column 4, lines l-1 1 
ot 5>u, CD measurements are taken and are compared with design dimensions. If there is a 
deviation between the CD measurements and the established design dimensions, then Su corrects 
tiie deviation by adjustmg the stepper dose. Thus, in Su no ch anges or adi.i.hnPn ts are made 
the critical dunension measurement fi e., no i m provement ^optimization-) maH^ th ^ .rifiZ:^ 
dimension measurement) Conversely, in the claimed invention an improvement (optimization) 
IS made to tiie critical dimension measurement by combining the stepper focus parameter with 
the cntical dimension measurement . In other words. Su changes the stepper dose parameter to 

09/902,374 2 
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reAice deviaUon of measured parameters from design dimensions to achieve process control 
rather than combmmg the stepper focus parameter with the CD measurement to generate an 
unproved CD measurement. As such, these r daimed invftnripn coiriDared with Su^ are tw o 
fundamenta lly distinct inventions. 

Page 2 of the Office Action states that Su discloses "obtaining a focus exposure 
matnx.. " and "performing an analysis of the data to generate a 'golden waveform'." However 
the Apphcant's clamied invention claims no such features: - Thus, the Office Action erroneously 
reads these features into the Applicant's claimed invention; therefore the rejection is improper. 

Generally, Su (1) uses a reference CD value (which it assumes is optimal, when in feet it 
is not optimal); (2) measures a CD value; (3) compares the reference CD value to the measured 
CD \^ue; and performs an etch process according to the difference in the reference CD value 
and the measured CD value. Conversely, the Applicant's claimed invention is basically 
challenging the vaUdity of the reference CD in Su, which is taken as an optimum value. As such, 
the Applicant's claimed invention provides an analytical approach of optimizing the CD value by 
usmg at least three best fit parameters in combination with a stepper focus parameter to improve 
the linearity of the approximate CD data (Le., reference CD data). 

There exist many other fundamental differences and patentable distinctions between the 
claimed mvenUon and the teachings of Su as well. Specifically. Su teaches how to control a 
lithography manufecturing process by using SEM (scanning electron microscope) waveform 
mformation and SEM CD (critical dimension) measurement to provide feedback and 
feedforward to dynamically nme lithography and etch processes. Convereely, the Applicant's 
claimed mvention provides how to make a significantly more accurate CD measurement by 
correctog the initial (old) CD measurement by using lithography-defocus-sensitive information 
eitner trom the CD or &om some other source and combining this with the best fit data 
parameters in an analytical as discussed above. Additionally, what distinguishes the Applicant's 
clamied invention from the Su is the understanding that CD measurements inherent in Su axe 
essenbdly comipted due to consideration of stn^ 

the cntical d^menslor^ but which are highly sensitive to the stepper focus, such as sidewall angle 
edge width, and profile grade (as clearly indicated, in column 3, line 60 of Su). 

Common to the patent of Su and the Applicant's claimed invention/specification is a 
body of work refer^iced in both, which teach that the printed feature has profile properties that 
can be sensitive to both lithography tool dose and focus settings. In some cases of the prior an, 
speciahzed targets axe described that are particularly sensitive to defocus; i.e., measurements^ 
optical or electron beam based tools provide defocus detennination with much smaller 
uncertamty than what can be determined by using the waveform and CD fi-dm SEM 
ra^enent at a critical control feature. The work of Davidson et al. and ViUarrubia et al 
SS^l^' ^PP'S^*'! specification, page 7, lines 4-12) study the possibility of extract'ing 
? 0^?^ f mfomiation fiom the fiill SEM waveform. As Archie et al. (U.S. PaSit 

Jvi^ ^ ^? TA'' ^'^^'^^^ infomation from the SEM waveform is a sensitive indicator 
or utbograpny tool defocus. 

Su uses this prior art to teach a possible method for extracting stepper focus and dose 
09/902,374 ^ 
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'infomiation, as well as sidewall infonnation, from the SEM waveform for the puipose of 
providing corrective actions in manufacturing processes. However, and most significantly. Sii 
does not teach how to improve fontimiz e ) upon the critical dimension measuremanf it>;ftlf 
the Apphca nt's claimed invention. 

Achieving a more accurate CD measurement is an important application of the CD-SEM 
ftat IS outside of the manufacturing control application. In particular, there are three main uses 
for the CD-SEM: (1) Process development, including Hthography process development; (2) 
Manufacturing process control; and (3) Diagnostic measurements for an Out Of Control (OOC) 
manufacturing process. 

Su clearly addresses only the second application (2) above. In that application where 
many manufacturing processes have been previously optimized and fixed, the dominant process 
variables that vary under nonnal circumstances act like stepper dose and focus variations Only 
under these conditions is the process control method taught by Su a possible control strategy 
Conversely, the Applicant's claimed invention addresses the other two ^plications (1 and 3 
above) for the CD-SEM as well as providing a more accurate CD measurement for 
dispositioning of a product. 

During process development many more process and design parameters can vary and 
highly accurate CD measurements are needed to understand the issues. This situation continues 
to worsen as lithography and etch processes evolve to produce ever smaller features. One 
example that has gained importance in recent years is the need to make accurate CD 
measurements of a variety of structure geometries at a variety of design sizes in order to develop 
accurate simulation models of the full lithography process. With an accurate simulation model 
me chip design data can be modified (optical proximity corrections, sub-resolution assist 
features, phase shifhng technology for the mask, etc.) to improve upon the printing fidelity 
(pnnted unage versus pre-OPC (optical proximity conrection) design data). 

To make accurate critical dunension measurements to feed into the sunulation model 
optmuz^on or verification, the measurements must not be corrupted by secondary characteristic 
changes m the critical shaj^ being measured. Particularly, profile changes caused by lithography 
focus-like vacations should not be allowed to alter the base CD measu^ As such the 

Applicant s claimed invention removes the profile-change-induced-errors in the measurement 
hereby reyeahng the design-induced-changes needed for simulation optimization or verification 
This IS accomplished by combining the stepper focus witii a critical dimension measurement, 
which generates an optimum critical dimension. This use of the CD-SEM continues to grow as 
^e industry starts to move away from CD-SEM as the principal tool for manufacturing Sntrol 
(application 2) toward scatterometry as the preferred metrology system for control. 

It appears that the Office Action is contending that Su and Tanaka teach all of the 
elements of how to make a more accurate CD measurement. However, since Su's purpose is 
S?r ?? f ^ "'''^ precisely, a method to obtain more control of the final 

etchCDSu does not descnbe how to make a more accurate CD measurement. Furthermore Su 
teach^ how to obtam a set of reference data by constructing reference data (CD, waveforms and 
other data (see Figure 2B of Su) from specially constructed Focus-Exposuie-Mattix 

09/902,374 4 
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Figure 1 of Su). However, attempting to match a target waveform to one of the reference 
waveforms and then reporting a CD result based on that match would provide too coarse a CD 
measurement, thereby teaching away from the claimed invention's method of producing an 
optimum CD value. Experimental testing as conducted by the Applicant, with the results 
provided and described in Applicant's Figures 2, 9, and 10 and associated text in the 
specification indicate that there are many problems with this type of prior art approach including 
fte impracticality of constructing a large enough FEM wafer to reduce the coarseness and the 
issue how to exactly distiijguish between similar reference waveforms. Similarly, Tanaka says 
nothing regarding combining three best fit parameters with a stepper focus parameter in order to 
generate an optimum critical dimension value. 

Furthermore, the Applicant's specification further teaches that SEM resolution is a 
critical issue today and Mvih only get worse in the future. Moreover, many details of the feature 
affect the critical portions of the waveform (see Figures 6A-6C of Su) including the bottom CD 
and many elements of the sidewall profile. Waveforms can differ because of changes in many of 
the feature properties but Su feils to teach how to weigh this infonnation to extract the CD free 
of the secondary characteristics of the profile. 

As such, the Applicant's claimed invention relies on the sophisticated CD methodologies 
already available on commercial CD-SEM$. These methodologies have been developed to 
overcome noise limitations in the waveform as weU as to seek the bottom edge signature in the 
wavrform. The claimed invention's approach is to provide a correction to that determination 
based on additional infonnation possibly coming from analyzing the waveform in anolher way to 
gam stepper focus like information or if necessary using information from a separate 
measurement. As such, the claimed invention's approach does not suffer from eitiier the 
coarseness problem or the resolution-limiting-convolution of multiple feature signatures in tiie 
waveform. 

In view of the foregoing, the AppUcant respectfully submits that the cited prior art 
refereiices Su and Tanaka, do not teach or suggest the features defined by independent claims 1, 
8, 10, 12. 19, and 20 and as such, claims 1, 8, 10, 12, 19, and 20 are patentable over Su and 
Tan^ Further, dependent claims 2-7, 9, II, 13-18, and 2 1-26 are similarly patentable over Su 
and Tanaka, not only by virtue of their dependency from patentable independent claims " 
respectively, but also by virtue of the additional features of the invention they define TThus the 
Applicant respectfully requests that these rejections be reconsidered and withdrawn. 

Reqwctfully submitted. 

Dated: Qctobar 6, 2005 

Mohammad S, Rahman 

Registration No. 43,029 
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